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Abstract 
Obesity is an increasing health problem across the United States, and green coffee bean extract (GCBE) 
may be a useful supplement to promote weight loss in humans; however, this supplement is anecdotal. GCBE 
has shown decreased fat accumulation in model organisms, and further studies in these systems help to 
elucidate the mechanism behind how green coffee bean extract is decreasing fat storage. Here, GCBE was 
supplemented in studies through high and low fat strains of C. elegans to observe pathways to determine 
whether this supplement is a viable option for tackling obesity. Through those pathways, the relationship 
between fat in the membrane and total fat content of the model organism will be more defined and ultimately 
aid in determining if GCBE is a safe and effective weight loss aid. 
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1.0 Introduction 
 Green coffee bean extract has been used as a weight loss supplement across several model organisms, 
specifically to examine its effect in reducing triglyceride stores. In conjunction with other weight loss 
treatments, green coffee bean extract may reduce fat stores significantly in humans. Green coffee bean extract 
has been used in rodents and Caenorhabditis elegans (C. elegans) studies to show a decrease in triglyceride 
stores of those model organisms as well. When working with C. elegans, there is the opportunity to maintain 
total control of the diet. Additionally, different genetic pathways can be explicitly explored through the use of 
mutant strains of C. elegans, which allows targeting of specific genes suggested to be crucial for fat reduction in 
this model organism. The goal of this experiment was to determine the mechanisms behind fat reduction under 
the supplementation of green coffee bean extract through the use of GC-MS. 
1.1 The Impact of Green Coffee Bean Supplementation on Obesity 
Worldwide, there is an epidemic of excess weight and obesity in humans. Healthy individuals maintain a 
normal body mass index (BMI) range, while those that have a higher than normal BMI must find weight loss 
interventions that help decrease their excess fat content to minimize their risk of disease. Excess weight leads to 
an increased reliance on healthcare for weight-related diseases, and because 1.9 billion people worldwide are 
considered overweight with a BMI over 25, the impact on the healthcare industry is vast (James P. et al, 2012 
and Cooper L. et al, 2017). While the greatest factor in weight loss is a lifestyle change in food intake and 
exercise, a weight loss supplementation can help an individual reach their weight loss goal. With over one third 
of the adult population in the United States being overweight, the dietary supplement industry targeting weight 
loss has grown to be over a $30 billion industry (Marcason W., 2013). An example of a successful dietary 
supplement is L-carnitine. This supplement was administered with a known weight loss drug, Orlistat, and was 
reported to have greater decreases of triglyceride stores present in the subjects after 12 months (Derosa G. et al, 
2010). L-carnitine as a dietary supplement was used in conjunction with a regular diet, exercise, and 
medication, but aiding in the addition of losing excess weight L-carnitine increased the weight loss seen by 4% 
than was seen with the use of Orlistat without L-carnitine (Derosa G. et al, 2010). The use of dietary 
supplements for weight loss have had success when used in addition to other weight loss methods. Studying 
dietary supplements verifies the successfulness of the supplement, as well as determining the best way to use it 
in one’s diet.  
A potential weight loss intervention is a green coffee bean supplementation. Green coffee bean is the 
unroasted coffee bean which is high in bioactive compounds particularly up to 50% of a compound called 
chlorogenic acid (Farias-Pereira R. et al, 2018). Roasting coffee beans minimizes the chlorogenic acid available 
in the beans by up to 95%, making unroasted beans the most beneficial (Ludwig I. et al, 2014). Weight loss 
studies showed decreases in fat when participants consumed 200 mg of green coffee bean extract daily, which 
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could not be obtained through the consumption of roasted coffee beans due to the high concentration of 
chlorogenic acid in green coffee beans (Onakpoya I. et al, 2010). As a dietary supplement, green coffee beans 
have no U.S. Food and Drug Administration (FDA) approval process to follow, making it easier for individuals 
to access and purchase the product for a low price (Shaw J., 2015). This weight loss intervention may be 
considered safe as it does not require drastic changes to one’s diet, body, or routine; however, dietary 
supplements are not required by the FDA to be evaluated for effectiveness or safety of the product in the human 
body (Office of Dietary Supplements, 2020).  
Several studies using green coffee bean supplementation in humans have shown reductions in fat 
following the use of this supplementation, but the mechanisms behind how this supplementation decreases fat is 
unclear. Preliminary studies involving the supplementation of green coffee beans in humans suggests a decrease 
of triacylglycerides (Ding F. et al, 2019). This reduction in overall fat suggests that the supplement is viable for 
targeting excess weight directly caused by excess fat stores. When the participants were subjected to a green 
coffee bean supplementation, they experienced an average reduction of 4.34 mg/dL in triacylglycerides (TAGs) 
of patients, but that was not statistically significant (Ding F. et al, 2019). Other studies conducted using green 
coffee bean supplement in humans saw a decreased BMI by at least 1.9 points (Dellalibera S. et al, 2006 and 
Buchanan R. et al, 2013). This weight loss specifically in the fat stores of the individuals indicates that green 
coffee bean supplementation may be a promising weight loss supplement to diet and exercise changes by 
increasing the amount of weight lost.  
Green coffee bean supplementation is a potential weight loss supplement, but it may be most effective in 
high fat individuals. A review article of 13 studies on the effects of green coffee bean supplementation on body 
weight to find an average decrease of 0.58 kg (Gorji Z. et al, 2019). This study also found that green coffee 
supplement was more effective in individuals with higher initial fat content, as participants with a BMI over 25 
observed a weight loss of 2.05 kg (Gorji Z. et al, 2019). It is suggested that participants with a higher amount of 
fat stores saw greater reductions when supplemented with green coffee beans. Although several studies have 
been conducted analyzing the impact of green coffee bean supplementation in humans, the mechanism behind 
the weight loss is not understood. The mechanisms behind fat reduction due to green coffee bean 
supplementation can be studied in model organisms to provide more information on which genetic pathways are 
impacted. 
1.2 Green Coffee Bean Impact on Fat Storage in Rodents 
There have been several studies analyzing the weight loss effects of green coffee bean supplementations 
in humans, however, the molecular and biochemical mechanism involved in this effect has not been clearly 
defined. A mechanistic understanding of green coffee bean supplementation in model organisms will help to 
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determine a more effective usage of green coffee beans in humans. Model organisms allow scientists to 
introduce more manipulation and regulation of the animals’ diet and routine, to ensure more accurate results. 
Rodents fed a green coffee bean supplementation along with a high fat diet showed up to a 31% decrease of 
weight gain from food at high concentrations of green coffee beans (Choi B. et al, 2016 and Song S. et al, 
2014). Over time green coffee bean supplementation showed a more significant decrease in weight by 12% 
(Shimoda H. et al, 2006), which suggests that this supplementation is more effective when used for longer 
periods of time. Even though there was a decrease in overall weight, there was a decrease in TAG levels in 
rodents under green coffee bean supplementation (Shimoda H. et al, 2006). This decrease in TAG levels could 
help to analyze fat loss in other model organisms under green coffee bean supplementation.  
Green coffee bean supplementation provides the most significant decrease of fat when the animals are 
fed a high fat diet, but it is unknown why those animals see a greater decrease than those fed a normal diet. 
Rodent models that were fed normal fat diets did not show the same weight reduction of high fat diet animals, 
and when the diet was changed from normal to a high fat diet a reduction was immediately shown (Caro-Gómez 
E. et al, 2019). This could alter the impact on humans as it would require them to consume a high fat diet in 
addition to the supplement. Requiring a high fat diet may be important for other model organisms, and can be 
analyzed among C. elegans through the use of a high fat strain, such as daf-2. The supplementation of green 
coffee beans minimized the weight gain of the animals, but was not significant enough to be the only treatment 
for excess fat.  
Several studies analyzed the reduction of weight on rodents when supplemented with green coffee 
beans, however, an additional study showed contradictory impacts of the supplement. The study observed the 
weight gain of mice over 12 weeks to find a 3% increase in weight for animals fed a high fat diet, which was 
anticipated to see a large decrease of weight (Li Kwok Cheong J. et al, 2014). It was also observed that a normal 
diet supplemented with green coffee beans had a 36% weight increase (Li Kwok Cheong J. et al, 2014), which 
suggests that this supplement has detrimental effects for users that do not have high fat diets. Weight loss was 
the primary target observed in this study, but it is not indicative of the amount of TAGs available in the animals. 
Fat storage impact was the primary reason for studying green coffee bean supplement, but other phenotypic 
studies can be conducted to analyze the underlying impacts of the supplement.  
1.3 Green Coffee Bean Supplementation Impact on C. elegans 
A myriad of studies have shown that supplementation of green coffee beans in high fat diets of rodents 
and humans causes some reduction in weight gain of the subjects, but the mechanisms about how the green 
coffee bean supplementation causes the reductions is not known. The use of green coffee bean supplementation 
in other model organisms, such as C. elegans, allows the analysis of overall fat content and membrane lipid 
8 
species under green coffee bean supplementation. Similarly to the decrease in TAGs of rodents fed green coffee 
bean supplementation, C. elegans fed green coffee bean supplement displayed a decreased TAG content. 
Studies conducted on overall fat content have shown a decrease of 29% of TAG accumulation, as shown in 
Figure 1 (Farias-Pereira R. et al, 2018). This indicates that C. elegans will be an appropriate model organism to 
use to analyze the impact of lipid profiles of animals supplemented with green coffee bean extract. While there 
are currently no contradictory studies using green coffee bean extract and C. elegans, it must be further 
analyzed as there were contradictory impacts seen in rodents. 
  
Figure 1: Reduction in TAGs due to supplementation of green coffee bean extract. Adapted from Farias-Pereira 
R. et al (2018). 
Although limited studies have been conducted thus far analyzing the direct impact of green coffee bean 
supplementation on the fat content of C. elegans, several studies have determined its phenotypic impacts. Green 
coffee bean supplementation has shown significant impacts on longevity of C. elegans. Green coffee bean 
supplementation extended the lifespan of wild type C. elegans at concentrations of 1000 mg/L by 46.15% 
(Amigoni L. et al, 2017). The inverse effect of longevity and fat storage indicates the pathways or mechanisms 
used for fat accumulation and longevity may be linked when supplemented with green coffee bean powder. It is 
unclear what the connection between the mechanisms of fat reduction and longevity increases are under green 
coffee bean supplementation. The experiments in this study are aimed to further analyze the impact on fat 
storage of green coffee bean supplement on C. elegans to help fill the gap in research. Supplemental studies also 
were started to begin analyzing the connection between fat reduction and longevity in C. elegans.  
1.4 Membrane Lipids in C. elegans 
There are different types of lipids that are present in the membrane of C. elegans. The lipids in the 
membrane are composed of fatty acid tails and a polar head group. The fatty acid tails fall under three 
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categories: saturated, branched chain, and unsaturated (Henry P. et al, 2017). The variety of fatty acid tail 
lengths provides fluidity and specificity within the membrane. There is a nomenclature that is used to describe 
the number of carbons and the saturation level of the fatty acid tail, CX:YnZ, where X is equal to the number of 
carbons present in the fatty acid chain, Y is the number of double bonds in the chain, and Z is the location of the 
first double bond. The polar head groups of the lipids also provide specificity and diversity within the 
membrane. Phosphatidylcholine (PC) and phosphatidylethanolamine (PE) are two of those head groups that 
make up some of the phospholipids in the C. elegans membrane (Drecshler R. et al, 2016). The fatty acid tail 
abundance is helpful to analyze fat stores of C. elegans, whereas the head groups give more information into 
how the membrane composition is altered under supplementation.  
Two of the main lipid classes that can be analyzed through the use of GC-MS are phospholipids and 
neutral lipids, or triacylglycerides. Triacylglycerides (TAGs) are composed of three fatty acid tails and a 
glycerol molecule, and are storage lipids (Watts J. et al, 2017). Phospholipids are composed of two fatty acid 
tails, a glycerol molecule and a phosphate head group, and make up the majority of the membrane lipids in C. 
elegans (Watts J. et al, 2017). The C. elegans take up fatty acids from their diet and internally synthesize both 
TAGs and phospholipids (Watts J. et al, 2017). Supplementations that reduce fat can impact both TAGs and 
phospholipids as they both contain fatty acid tails.  
C. elegans are useful as a model organism to analyze fat storage impacts because both humans and C. 
elegans have populations of saturated, monounsaturated, and polyunsaturated fatty acids (Mullaney B. et al, 
2010 and Ashrafi K., 2007). The similarity between the membrane composition of humans and C. elegans 
makes C. elegans a good model for studying the impacts of supplementation on membrane lipids. The TAG and 
phospholipids can have any combination of saturated, monounsaturated, or polyunsaturated fatty acid tails. The 
fatty acid tails of both the TAGs and phospholipids can be analyzed using GC-MS or HPLC to determine the 
changes in the levels of fatty acid species. Since the lipid profile of C. elegans is known through GC-MS and 
HPLC analysis, any changes in lipid tails that occur due to green coffee bean supplementation can be studied 
further to explain how the membrane reacts to the reduction of fat stores.  
In addition to analyzing the overall fat content of the animals, there are methods to analyze the origin of 
the fat through isotope labeling. Isotope labeling is used to monitor the difference between synthesized fat and 
dietary fat, therefore providing more knowledge on the mechanisms that may be impacted by the green coffee 
bean supplementation. By using 13C-isotope labeling, the origin of fat in C. elegans can be traced to determine 
the impact on fat metabolism absorption of green coffee bean supplemented animals (Perez C. et al, 2008). 
Isotope labeling creates a distinction between the lipids that are taken directly from the diet and those that are 
synthesized de novo from other fatty acid chains, as every carbon atom in the fatty acid chain has the 
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opportunity to become labeled. As more carbon atoms are labeled, the molecular weight of the fatty acid is 
increased. By analyzing the pattern of molecular weight of the C16:0 chains, the relative amount of fatty acid 
chains that are directly from the diet, formed through elongation, or formed through de novo synthesis can be 
determined (Perez C. et al, 2008). The de novo synthesis of fat was analyzed between N2 and high fat mutant 
strain, daf-2. Higher levels of 13C were observed in the labeled daf-2 animals, suggesting that they synthesized 
more fatty acids that can be determined (Perez C. et al, 2008). C. elegans are the most cost-effective model 
organism for isotope labeling while still allowing full analysis of the origin of all the fat in their bodies. 
Labeling in conjunction with green coffee bean extract supplementation would show how the supplementation 
impacts the synthesis of various length fatty acid chains.  
1.5 Bacteria Impacts on C. elegans 
Studies have been conducted using a green coffee bean supplement on a variety of model organisms, but 
C. elegans offers specific advantages, including dietary control and manipulation. C. elegans are typically fed a 
diet of laboratory grade E. coli OP50 bacteria. Controlling the bacteria is advantageous because it allows the 
user to analyze the impact of the supplementation using different kinds of bacteria and determine the impact 
when using heat-killed bacteria. Different types of bacterial strains impact the levels of TAGs and 
phospholipids (PL) that are present in the worms (Brooks K. et al, 2009). OP50 bacteria, however, does not 
have any significant impact on fat storage in C. elegans (Brooks K. et al, 2009). The lack of fat impact due to 
OP50 bacteria diet makes it a good bacteria to analyze fat storage impacts.  
Heat-killing the bacteria ensures that any impact due to green coffee bean supplementation can be 
correlated directly to the incorporation of the supplementation in the diet, as the heat-killed bacteria would be 
unable to process the supplementation. Heat-killing the bacteria diet controls the exact amount of bacteria added 
to the plate as no lawn will be produced, ensuring each replicate has the same amount of fat (Kaeberlein T. et al, 
2006). Since high fat diets in rodent studies showed a greater decrease of fat stores than those fed a normal diet 
while under green coffee bean supplementation, the amount of fat in the C. elegans diet must remain constant. 
Regulating the amount of bacteria on the plate of the C. elegans diet allows all changes in fatty acid species to 
be determined due to the introduction of green coffee bean extract rather than a reduction of dietary fat.  
1.6 Chlorogenic Acid Impacts on C. elegans and Other Model Organisms 
Chlorogenic acid is the most prominent bioactive compound present in green coffee beans, making up 
40-50% of the total compounds in green coffee beans (Farias-Pereira R. et al, 2016 and Zhou  
Y. et al, 2016). Chlorogenic acid is extracted from green coffee beans because roasting the beans causes losses 
of up to 95% of chlorogenic acid (Marcason W., 2013 and Ludwig I. et al, 2014). Decaffeination of the beans is 
also suggested to impact the chlorogenic acid content in the beans (Macheiner L. et al, 2019), so caffeinated 
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green coffee bean powder will yield the highest result in terms of fat reduction. It is hypothesized that the 
chlorogenic acid compounds in green coffee bean extract may be contributing to the majority of fat regulation 
in C. elegans (Farias-Pereira R. et al, 2018) and inhibiting overall fat accumulation in rodents and humans 
(Marcason W., 2013) because studies using chlorogenic acid have shown similar fat reductions to those seen 
under green coffee bean supplementation.  
Chlorogenic acid at 2.65 mg/ml has been shown to have a similar impact on fat accumulation reductions 
than green coffee bean, with a 23% decrease of TAGs, resulting in a 6% difference from green coffee bean 
(Fairas-Pereiera R. et al, 2018). Chlorogenic acid has also shown to impact phenotypes in C. elegans including 
an increase in longevity by 20% (Zheng S. et al, 2017 and Amigoni L. et al, 2017). This indicates that longevity 
and fat storage pathways are linked in C. elegans under the supplementation of chlorogenic acid. The 
mechanisms that link fat storage and longevity in C. elegans need to be further explored to determine the 
linkage between the two pathways.  
1.7 Green Coffee Bean Impact on Mutant Strains of C. elegans 
The use of C. elegans allows impact of specific genetic mutations on the metabolism or longevity of the 
animals can be analyzed. These genes of interest can be completely knocked down through a mutant strain, or 
reduction of the encoded protein can be reduced through RNAi in the diet (Conte Jr. D. et al, 2017). It is simpler 
to use mutant strains than to introduce mutant RNAi into C. elegans. There are 400 different genes that are able 
to be knocked down in C. elegans that control the accumulation and reduction of fat content (Ashrafi K., 2007), 
but prior studies have indicated that the fat storage impacts seen due to supplementation of green coffee bean 
extract is dependent upon the insulin pathways in C. elegans (Farias-Pereira R. et al, 2018). There have been 
few studies that analyze the impact of green coffee bean supplementation on different mutant strains. It was 
suggested that the fat synthesis pathway may be a critical pathway, as well, for fat reduction under green coffee 
bean supplementation, so there were three mutants chosen to test this theory.  
One specific C. elegans mutant, sbp-1, is responsible for the functionality of the sterol response element 
binding protein (SREBP), which controls fat synthesis and fat reduction in C. elegans (Ashrafi K., 2007). The 
SREBP protein regulates fat stores in mammals, making it a key pathway to study for fat storage alterations 
(McKay R. et al, 2003). Since the sbp-1 strain is the worm homolog of the mammalian SREBP pathway 
(McKay R. et al, 2003), the sbp-1 pathway also regulates fat accumulation of C. elegans and can be used to 
study fat storage in C. elegans (Farias-Pereira R. et al, 2018). In rodents supplemented with green coffee bean 
extract, an increase of gene expression of SREBP was observed at all concentration levels when compared to 
the normal control, suggesting that the SREBP pathway is activated during green coffee bean supplementation 
(Choi B. et al, 2016). In C. elegans, the sbp-1 pathway regulates fat storage, as there was a minimal change in 
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fat content when this strain was supplemented with green coffee bean extract, which suggests that this pathway 
to essential for fat reduction under green coffee bean supplementation (Farias-Pereira R. et al, 2018). This study 
indicates that the sbp-1 pathway is critical for the significant reduction of fat storage in C. elegans, so this strain 
was used to verify a minimal impact in fat accumulation of the animals.  
When this mutant was supplemented with C18:1n9 or C18:2n6 lipid species, monounsaturated and 
polyunsaturated fats, the animals saw a restoration of fat accumulation, but did not see a restoration when 
supplemented with C18:0 lipid species, a saturated fatty acid (Nomura T. et al, 2010). This suggests that the 
sbp-1 pathway is responsible for the regulation of fatty acid concentration, particularly in the excess of 
unsaturated fatty acids. Since studies using green coffee bean extract saw no impact on the fat accumulation, 
minimal reductions of fat can be expected in the sbp-1 pathway. Another study analyzed the use of piceatannol, 
an unsaturated fatty acid, to see a decrease of fat accumulation, which further indicated that sbp-1 was 
important for fat accumulation regulation (Shen P. et al, 2017). 
The C. elegans daf-16 strain regulates TAG levels and maintains fatty acid metabolism (Horikawa M. et 
al, 2010). The presence of polyunsaturated fatty acids regulates the daf-2 signaling pathways through the daf-16 
transcription factor (Horikawa M. et al, 2010). This pathway regulates fat metabolism, particularly under 
limited nutrients, as shown in Figure 2 (Ashrafi K., 2007). When the daf-16 mutant is supplemented with green 
coffee bean extract, it was expected to see a significant impact on fat accumulation (Farias-Pereira R. et al, 
2018). The expression levels of the daf-2 and daf-16 pathway was analyzed under supplementation with green 
coffee bean extract to find that daf-2 levels were elevated, while daf-16 levels were not, indicating that daf-2 
may have different impacts on fat regulation that the daf-16 pathway does (Farias-Pereira R. et al , 2018). Both 
the daf-2 and daf-16 strains were used in this study to determine what differences in fat accumulation occur 
when each pathway is independently inhibited. The intention for this experiment was to study the impact of 
green coffee bean supplementation on fat synthesis, and labeling was a way for this to be verified, in addition to 
studying reductions and increases of polyunsaturated fat. 
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Figure 2: Pathway of DAF-2 and DAF-16 leading to a correlation of fat storage. Adapted from Ashrafi K. 
(2007). 
2.0 Methods 
2.1 C. elegans Maintenance 
N2, daf-16(mu86), sbp-1(ep79), and daf-2(e1370)III strains of C. elegans worms were obtained from the 
Caenorhabditis Genetics Center (CGC). They were maintained on HG plates seeded with living E. Coli strain 
OP50 at 20°C unless otherwise stated.  
2.2 S-Complete Stock Solution  
The S-Complete media was created following protocols from Kirstein J. (2008) and Farias-Pereira R. et 
al (2018) using 100 ml of S-basal, 1M MgSO4, 1M CaCl2, 1M potassium citrate (He F., 2011) and 100X trace 
metal solution (Farias-Pereira R. et al, 2018). The trace metal solution was made following the recipe from 
Kirstein J. (2008) and Farias-Pereira R. et al (2018).  
S-basal medium was made in one-liter batches using the following: 5.9 g NaCL, 50 ml 1M KH2PO4 
(pH6), 5.7mM K2HPO4, 1 ml 5 mg/ml cholesterol and was then autoclaved. To make S-basal complete media 
every 100 ml of S-basal medium was added to 300 μl 1M MgSO4, 300 μl 1M CaCL2, 1 ml 100X trace metal 
solution, and 1 ml 1M potassium citrate (pH6) (Farias-Pereira R. et al, 2018 and Kirstein 2008). The trace metal 
solution was made in batches of 500 ml with 0.346 g FeSO4 – 7H2O, 0.144 g ZnSO4 – 7H2O 0.93 g Na2EDTA, 
0.098 g MnCL2-4H2O, 0.012 g CuSO4-5H2O and diH2O to 500 ml. The solution was then bottled, autoclaved, 
and stored in the dark (Farias-Pereira R. et al, 2018, Kirstein, 2008). To make 1M solution of potassium citrate 
solution 21.02 g citric acid monohydrate was dissolved in 80 ml of diH2O and the pH was adjusted by the 
addition of 17 g of solid KOH until a pH of 6 was reached, and then brought to 100 ml of volume with diH2O 
(He F., 2011). 
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2.3 Green Coffee Bean Extractions 
2.3.1 Green Coffee Bean Powder Suspended with S-Complete 
Green coffee bean powder was stored at room temperature and was measured out prior to use and then 
suspended in S-Complete media at a stock concentration of 10 mg/ml or 50 mg/ml and stirred until dissolved 
fully. The solution was then filtered through a 0.22 μm PTFE filter. The filtered solution was added to warm 
NGM media before pouring into plates at working concentrations of 1 mg/ml or 5 mg/ml.  
2.3.2 Green Coffee Bean Extract Suspended with Water 
One gram of green coffee bean powder was added to 100 ml acidified (0.1M HCl) water (pH 4.5, 70%) 
and methanol (30%). This solution was then sonicated at 40 KHz for 15 minutes in an ultrasound bath. After 
sonication the solution was filtered through a 0.45 μM PTFE syringe filter and concentrated under pressure at 
65°C for up to 12 hours, frozen at -80°C and freeze dried for three to four days until no liquid remained. The 
powder was stored at -20°C until use. Green coffee bean extract was resuspended in diH2O at a stock 
concentration of 500 mg/ml before being added to warm NGM media prior to pouring plates to give a working 
concentration of 5 mg/ml of green coffee bean extract.  
2.4 Chlorogenic Acid Suspended in S-Complete 
Chlorogenic acid was stored as powder at room temperature, until it was ready to be used. Then the 
powder was suspended in S-Complete media at a stock concentration of 26.5 mg/ml and added to the warm 
NGM plates at a working concentration of 2.65 mg/ml. 
2.5 Bacteria for Seeding 
2.5.1 Growing Bacteria 
E. Coli OP50 was streaked on LB plates and grown overnight at 37°C. Two colonies were then 
inoculated in 5 ml of LB media and grown overnight in liquid LB media at 37°C. L4440 was streaked on LB 
with carbenicillin (100 mg/ml) and tetracycline (20 mg/ml) plates and grown overnight in liquid LB media with 
carbenicillin and tetracycline at 37°C. The plated bacteria were stored at 4°C for up to two weeks. The liquid 
bacteria was stored at 4°C for up to two weeks. 
2.5.2 Concentrating Bacteria 
For 10X concentrations, three to four colonies were inoculated in 20 ml of LB media overnight at 37°C. 
The media was centrifuged at 3900 rpm for 10 minutes. Excess media was aspirated off leaving just the pellet. 
The bacteria were then resuspended in 2 ml of LB media and stored at 4°C for up to two weeks.  
For 20X concentration bacteria, five or six colonies of E. Coli OP50 were inoculated in 300 ml of LB 
media and grown overnight at 37°C. The media was centrifuged at 3900 rpm for 10 minutes. Excess media was 
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aspirated off leaving the pellet in minimal amounts of LB media. The bacteria pellet was then resuspended in 15 
ml of LB media and stored at 4°C for up to two weeks.  
2.5.3 Heat-killing Bacteria 
Concentrations of OP50 at 10X or 20X were submerged in a water bath at 65°C for 30 minutes to heat-
kill the bacteria (Gruber J. et al, 2007). The bacteria was then stored at 4°C for up to two weeks 
2.6 Lifespan with GCBE Supplementation 
Seventy-five L4 larvae were picked from the HG plates and transferred to 3 cm NGM plates 
supplemented with 1 mg/ml or 5 mg/ml green coffee bean supplementation seeded with heat-killed OP50 
bacteria. Worms were transferred to fresh supplemented plates every day for the first 5 days of adulthood to 
prevent contamination of offspring on the plates. After the first week, worms were transferred every 2-3 days to 
reduce contamination. To assess whether the worms were alive every day, they were gently stroked two times 
with a platinum wire to see if there was head movement. Animals that did not respond to the prodding were 
scored as dead.  
2.7 Copper Rings for GCBE Lifespan Supplementation 
Copper was used in conjunction with green coffee bean extract supplementation lifespans to force the 
animals to remain on the plates during survival assays, for the first three to five days of reproduction, as a 
barrier can be formed using copper to help the animals remain within the ring (Davies A. et al, 2004). Copper 
rings were formed by hand to fit on 3 cm NGM plates from 99% pure copper metal sheets. The copper was tied 
together in a ring using a small strip of copper wire strung through a small hole on each end of the copper strip. 
The copper rings were made short enough to cover the plates as normal and were embedded in the NGM agar as 
conducted in the study by Davies A. et al (2003).  
2.8 Large Scale GCBE Supplementation for GC-MS Analysis 
Approximately 15,000 L1 larvae per condition were developed until the L4 larvae stage. Animals were 
collected using M9 and washed three times to remove excess bacteria. The animals were then plated on 10 cm 
NGM plates supplemented with or without 1 mg/ml or 5 mg/ml green coffee bean or 2.65 mg/ml chlorogenic 
acid and seeded with 600 μl of heat-killed E. coli OP50 bacteria (unless otherwise stated). After 24 hours, 
animals were collected and washed three times with 1X M9 solution to remove progeny and excess bacteria. 
The animals were then plated on freshly seeded condition plates for another 24 hours. The day 2 adults were 
then collected and washed three times with 1X M9 solution to remove progeny and excess bacteria. The 
collected animals were then frozen for analysis on GC-MS.  
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2.9 Lipid Separation for GC-MS Analysis and HPLC-MS/MS 
2.9.1 Lipid Extraction 
First, 4 ml of chloroform/methanol (2:1) was added to a glass vial. The worm pellet was then transferred 
into the tube, and 10 μl of 0.5 μg/μl of C11:0 PC and C13:0 TAG Standard stock to vial. The vial was then 
rotated for 1.5 hours at room temperature as previously reported (Perez C. et al, 2008). Each purified lipid 
sample was then transferred to a pre-equilibrated column, and the lipid fraction was then eluted with 3 ml of 
chloroform to collect neutral lipids, 5 ml of acetone/methanol (9:1) to collect glycolipids, and 3 ml of methanol 
to collect phospholipids. The samples were then dried down under nitrogen. 
2.9.2 Dual Split for HPLC-MS/MS Analysis 
 There was 300 μl of acetonitrile/2-propanol/water (65:30:5 v/v/v) added to the phospholipids. There was 
150 μl removed from the tube and inserted into a fresh HPLC-MS/MS vial with an insert for analysis by HPLC- 
MS/MS. The remaining liquid was dried down completely under nitrogen. 
2.9.3 FAME Creation  
For bacteria controls, 975 μl of methanol was added to the pellet and transferred to glass vial, then 
continued in a similar procedure to the purified lipids. For purified lipids, 975 μl of methanol was added to the 
tube. Then 25 μl of sulfuric acid was added. The tubes were baked at 80°C for 1 hour, and vortexed every 15 
minutes. After the bake, 1.5 ml of diH2O and 200 uL of hexane were added to the tube. The tubes were then 
frozen, and the liquid hexane layer was transferred to a vial for analysis. The sample was then run under 
nitrogen gas to concentrate the sample before 1 μl for TAGs and 2 μl for phospholipids was run through the 
GC/MS for data collection. 
2.10 Lipid Analysis on GC-MS 
GC-MS was used to determine the derivatized fatty acid composition of the young adult animals from 
both TAGs and phospholipids. Approximately 7,500 worms were analyzed in the lipid analysis. Analysis was 
performed on lipid extraction from the animals and TAG standard. 
2.11 Lipid Analysis on HPLC-MS/MS 
HPLC-MS/MS was used to determine the intact phospholipids: Phosphatidylcholine (PC) and 
phosphatidylethanolamine (PE) species composition of the young adult animals. Approximately 150 μl per 
condition were analyzed in the lipid analysis. Analysis was performed on phospholipids from the animals. 
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3.0 Results and Discussion 
3.1 Green Coffee Bean Supplementation in S-Complete Decreases Fat 
The results from Farias-Pereira R. et al (2018) were replicated to verify that green coffee bean 
supplementation is a viable option for C. elegans. There was a decrease of 20% seen at 1 mg/ml concentration 
(Figure 3A), but it was not statistically significant, so the concentration was increased to 5 mg/ml in hopes of 
reaching a greater reduction. At 5 mg/ml of green coffee bean powder supplementation suspended in S-
Complete media there was an 8% decrease in the TAG to phospholipid ratio, which was also not statistically 
significant. The trend in this study was similar to results from Farias-Pereira R. et al. (2018), but they had 
observed a more statistically significant decrease in their TAG analysis. Although a significant decrease in TAG 
to phospholipid ratio was not observed, the trend of a decrease of fat suggested that green coffee bean 
supplementation was impacting the fat stores of C. elegans.  
The inconsistency between this data and the data found in the literature suggested that there was not 
enough of the active compound, chlorogenic acid, being introduced into the animals through the 
supplementation of green coffee bean powder into NGM plates using an S-Complete solvent. An extraction 
method was used to enhance the amount of chlorogenic acid that was available for the worms to increase the 
reduction of fat in the animals. The TAG to phospholipid ratio does not provide us with information on whether 
the decrease that is observed is due to changes in the TAGs or changes in the phospholipids, so analyzing the 
two lipid categories separately gives more insight into the impacts green coffee bean supplementation has on the 
lipids. The TAGs were analyzed from 5 mg/ml green coffee bean supplementation (Figure 3C) and found no 
statistically significant impact on any one lipid species. The individual lipid species can help determine whether 
decreases seen in TAG to phospholipid ratios are due to fluctuation in dietary fat or changes in the amount of fat 
being synthesized. There were no statistically significant changes in the phospholipids at 5 mg/ml concentration 
of green coffee bean supplementation, either, indicating that there was not significant impact on fat synthesis or 
the consumption of dietary fat.  
The L4440 bacteria was used for these results because the amount of fat present in the bacteria can 
impact the overall fat of the C. elegans animals eating it. L4440 is an empty vector bacteria that is used to test 
RNAi impacts using green coffee bean supplementation, rather than using a mutant strain (Xiao R. et al, 2015). 
Although L4440 bacteria was used for the experiments in Figure 3 and 4, heat-killed OP50 was used for the rest 
of the experiments to remain consistent with data found in the literature because the level of each lipid species 
changes in C. elegans based on their diet of L4440 and OP50 bacteria (Supplemental Figure 1).  
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Figure 3: Fat storage decreased with use of green coffee bean powder supplementation suspended in S-
Complete media. The N2 strain of C. elegans were fed living L4440 bacteria on the supplemented plates. A: 
TAG:PL ratio of at least four trials of 5 mg/ml green coffee bean (GCB) powder (solid black) N2 control and 
(striped black) N2 5 mg/ml GCB. B: TAG:PL ratio of at least four trials of 1 mg/ml green coffee bean powder 
(solid black) N2 control and (striped black) N2 1 mg/ml GCB. C: Fatty acid species among TAGs with at least 
four trials of 5 mg/ml green coffee bean powder (solid black) N2 control and (striped black) N2 5 mg/ml GCB 
D: Fatty acid species among phospholipids with at least four trials of 5 mg/ml green coffee bean powder (solid 
black) N2 control and (striped black) N2 5 mg/ml GCB.  
One trial of N2 worms supplemented with green coffee bean powder suspended in S-Complete media 
was run on the HPLC and analyzed with lipid data analysis (LDA) in order to determine the intact PC and PE 
phospholipid compositions. Phospholipids are more abundant in C. elegans membranes, so to provide a greater 
lipid amount to be analyzed, the phospholipids were used. Figure 4 showed the phosphatidylcholine (PC) and 
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phosphatidylethanolamine (PE) species at a 5 mg/ml and 1 mg/ml concentration of green coffee beans. The 
nomenclature of the lipid data read CX:Y, where X is the number of carbons available in the intact lipids 
gathered from the worms and Y represents the number of double bonds that are present in the two fatty acid 
tails of each phospholipid in the animal. The fatty acid tails that had greater than 5 double bonds present in the 
nomenclature indicated the presence of two polyunsaturated fatty acid tails on the lipid. These lipids were 
analyzed by HPLC and tandem mass spectrometry (Orbitrap, Thermo Scientific), to determine the influence of 
green coffee bean supplementation on fat synthesis.  
The polyunsaturated fatty acids were specifically analyzed because they cannot be taken directly from 
the diet, although they can be made from dietary fat. The polyunsaturated fatty acids in C. elegans are 
synthesized at higher rates, so alterations in their abundance levels may indicate impacts on fat synthesis. At the 
high concentration of green coffee beans (Figure 4A) there was a decrease of lipid species 38:7. In contrast 
there was an increase in the abundance of 36:5 and 38:6 and a slight increase in 39:6 lipid species. It could be 
expected to see a similar, but less significant impact in lipid species at a lower concentration of 1 mg/ml green 
coffee beans. In Figure 4B, there was a decrease seen in 38:7, and a slight decrease in 36:5 lipid species. Lipid 
species 36:5 showed an inverse effect at the lower concentration of green coffee bean when compared to the 
higher concentration. It was anticipated that a higher concentration of green coffee bean supplementation would 
create a greater impact on similar lipid species due to the higher concentration, so inverse impacts suggest that 
higher concentrations have more significant changes in the lipid species. The low concentration of green coffee 
beans showed a more significant increase in 39:6 (Figure 4B) but showed no significant impact on the 38:6 PC 
lipid species, which was observed at high concentrations.  
Figure 4C and 4D analyzed the impact of phosphatidylethanolamine (PE) species. A concentration of 5 
mg/ml green coffee beans was observed in Figure 4C, showing a decrease of 36:5, 37:5, and 38:6 PE lipid 
species. At a lower concentration of 1 mg/ml green coffee beans in Figure 4D, there was a decrease of 36:5, 
37:5 with an increase in 38:5 and 39:6 PE lipid species. The lower concentration had a more significant impact 
on PE lipid species changes than on PC lipid species. There was a greater number of polyunsaturated fatty acids 
among the PE species which indicates that the PE species are impacted more by the green coffee bean 
supplementation. While the HPLC data gives more information about the intact lipids that are given, and can 
provide information on the composition of the fatty acids based on PE and PC head groups, GC-MS data 
provides a more specific analysis on the fatty acid species present in the animals. An analysis of data from the 
GC-MS allows targeting of specific fatty acid tail chain lengths, rather than focusing on the total lipid with the 
head group and two fatty acid tails. The GC-MS data is broader in the fact that each individual lipid cannot be 
analyzed, but more specific in the fact that it can be used to analyze the abundance of saturated and unsaturated 
fats.  
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Figure 4: Fat storage decreased with use of green coffee bean powder supplementation suspended in S-
Complete media. The N2 strain of C. elegans were fed living L4440 bacteria on the supplemented plates. A: 
One trial of phosphatidylcholine (PC) species analysis on HPLC lipid data analysis (LDA) at a concentration of 
5 mg/ml green coffee bean powder (solid black) N2 control and (striped black) N2 5 mg/ml GCB. B: One trial 
of phosphatidylcholine (PC) species analysis on HPLC LDA at a concentration of 1 mg/ml green coffee bean 
powder (solid black) N2 control and (striped black) N2 1 mg/ml GCB C: One trial of phosphatidylethanolamine 
(PE) species analysis on HPLC LDA at a concentration of 5 mg/ml green coffee bean powder (solid black) N2 
control and (striped black) N2 5 mg/ml GCB. D: One trial of phosphatidylethanolamine (PE) species analysis 
on HPLC LDA at a concentration of 1 mg/ml green coffee bean powder (solid black) N2 control and (striped 
black) N2 1 mg/ml GCB. Limited trials due to COVID shutdown. 
This data used living L4440 bacteria which may also cause the differences in data because it may be that 
the living bacteria impacts the incorporation of green coffee beans into C. elegans. For further experiments 
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using green coffee bean extract heat-killed OP50 bacteria was used as the food source during trials. Studies had 
shown that C. elegans respond differently to the use of heat killed or live bacteria in their diet, as living OP50 E. 
coli results in an 8 day decrease in survival (Liao V. et al, 2011). Living OP50 E. coli proves to be toxic to C. 
elegans, while heat killed bacteria maximizes the survival of the animals over a period of time. There were 
differences in fat storage when using different bacteria strains and living and heat-killed bacteria (Supplemental 
Figure 1), so heat-killed OP50 E. coli was used for consistency with data found in the literature for the 
remainder of the experiments in the study. Further trials would need to be conducted to verify the fat storage 
changes. 
3.2 Green Coffee Bean Extract Decreases Fat Stores 
Green coffee bean extraction using methanol and acidified water (pH 4.5), method 2.3.2, was used to 
combat the lack of information gathered from suspending the green coffee powder in S-Complete media. The 
extraction yielded the following amount, with an average yield of 87.43%, calculated from the percentage 
yielded from each extraction (Table 1). The green coffee bean extract was then suspended in 1 ml of water for 
every 500 mg of extract powder prior to mixing with the warm agar media.  
Trial Percentage yielded 
1 82.52% 
2 91.87% 
3 82.59% 
4 92.72% 
Table 1: Yield of green coffee bean extract by dry weight. 
Other studies have indicated that the sbp-1, daf-16, and daf-2 pathways may have an impact in the 
regulation of fat content (Ashrafi K., 2007; Farias-Pereira R. et al, 2018; and Horikawa M. et al, 2010), so these 
three mutant species were analyzed along with the N2 strain. The daf-2 strain is a high fat content and high fat 
synthesis strain of C. elegans, so that strain was used to mimic the high fat conditions that would be present in 
an overweight human. The daf-16 and sbp-1 strains have natural low fat content and low fat synthesis strains, so 
they provide the opposite condition from the daf-2 strain and can give information on how green coffee bean 
supplementation is altered based on the amount of initial fat. Among all strains of C. elegans in Figure 5, there 
is a decrease in the TAG to phospholipid ratio, meaning that overall there is a decrease in fat accumulation in 
the animals when supplemented with green coffee bean extract. Figure 5 showed a decrease of 67% from the 
control daf-16 to GCBE daf-16 condition, and a decrease of 33% from the control daf-2 to GCBE daf-2 
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condition, but there was a decrease of 50% from sbp-1 control to GCBE sbp-1 condition. It was expected that 
daf-2 and daf-16 strains had opposite impacts under green coffee bean supplementation, but both strains saw a 
decrease in TAG to phospholipid ratio. The decrease seen in the daf-2 and the daf-16 strains indicates that the 
green coffee bean supplementation is independent of fat synthesis. 
The daf-16 and daf-2 mutant strains have a significantly higher TAG to phospholipid ratio decrease 
when supplemented with 5 mg/ml GCBE than the N2 strain. The TAG to phospholipid ratio indicated that the 
supplementation of 5 mg/ml green coffee beans had an impact on fat content of the strains used but did not 
provide any information on which types of fat was being impacted. Analysis on the impacts of different 
categories of fatty acids including saturated (SFA), monounsaturated (MUFA), and polyunsaturated (PUFA) 
using the GC-MS provides more information on how green coffee bean supplementation affects fat in C. 
elegans. Heat-killing the OP50 bacteria also ensured that the impact of green coffee bean supplementation on 
fat stores was due to the supplement being processed in the C. elegans animals rather than in the bacteria.  
 
Figure 5: TAG to Phospholipid ratio among N2, daf-16, sbp-1, and daf-2 of GCBE 5 mg/ml supplementation 
with 20X heat-killed OP50. This data was derived from two trials of large-scale supplementation, with at least 
7,500 animals per condition. N2 control (solid black) and N2 GCBE 5 mg/ml (striped black), daf-16 control 
(solid light blue) and daf-16 GCBE 5 mg/ml (striped light blue), sbp-1 control (solid green) and sbp-1 GCBE 5 
mg/ml (striped green), daf-2 control (solid dark blue) and daf-2 GCBE (striped dark blue). Limited data due to 
COVID-19.  
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Green coffee bean extract supplementation has phospholipid impacts in N2, daf-2, daf-16 and sbp-1 
strains in Figure 6. SFA in daf-16, sbp-1, and daf-2 strains was increased by 7%, 6%, and 9% respectively when 
supplemented with 5 mg/ml green coffee bean extract. SFA in N2 strain was decreased by 5% when 
supplemented with 5 mg/ml green coffee bean extract. MUFAs are decreased in N2 worms by 15% in the 
supplemented condition. The daf-16 strain is decreased by 2% in MUFAs and sbp-1 is decreased by 5% in the 
supplemented condition. Meanwhile, the daf-2 strain has no impact on MUFAs. There was a 15% increase in 
PUFAs in N2 strains, but all mutant strains saw a decrease in the PUFAs in Figure 6. The daf-16 and sbp-1 
strains observed a decrease each of 4%, whereas the daf-2 strain observed a decrease of 10% when 
supplemented with 5 mg/ml green coffee bean extract. The differences in phospholipid species between N2 
strains and mutant strains suggests that daf-16, sbp-1 and daf-2 strains have an inverse impact on fat storage. 
Since there is no impact in the MUFAs in the daf-2 strain, it can be expected that there is a different correlation 
between daf-2 and other mutant strains used in this experiment.  
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Figure 6: Phospholipid impact using 5 mg/ml concentration GCBE with 20X heat-killed OP50 bacteria to 
observe impacts on saturated fat (SFA), monounsaturated fat (MUFA), polyunsaturated fat (PUFA), 
monomethyl branched chain fat (mmBCFA), and cyclopropyl fat (CPA) in N2 and mutant strains. A: N2 control 
(solid black) and N2 GCBE 5 mg/ml (striped black). B: daf-16 control (solid light blue) and daf-16 GCBE 5 
mg/ml (striped light blue). C: sbp-1 control (solid green) and sbp-1 GCBE 5 mg/ml (striped green). D: daf-2 
control (solid dark blue) and daf-2 GCBE (striped dark blue). Two trials were used to determine this data, with 
at least 7,500 animals per condition. 
In the TAGs there was an increase in saturated fat of mutant strains and N2 strains when supplemented 
with 5 mg/ml green coffee bean extract. The N2 strain observed a 12% increase in saturated fat, while the daf-
16, sbp-1, and daf-2 strains displayed an 18%, 16% and 10% increases, respectively, in the green coffee bean 
extract supplemented condition in Figure 7. The N2 strain has an increase of 2.5% in MUFAs in the 
supplemented condition, daf-16 and sbp-1 have decreases of MUFAs by 10% and 8%, respectively, while daf-2 
strains showed no impact in MUFAs in Figure 7. The N2 and daf-2 strains showed a decrease of 8% and 3.5%, 
while daf-16 and sbp-1 strains showed an increase of 1% and 2.5% in the PUFAs, respectively in Figure 7. 
Saturated fat, cyclopropyl, and monounsaturated fat are dietary fats, so the impacts on them are indicative of fat 
regulation. The polyunsaturated and monomethyl branched chain fatty acids (mmBCFA) are synthesized fats, 
so the impact on the PUFAs and mmBCFAs in the mutant strains indicate that there is no dependence on fat 
synthesis under green coffee bean supplementation.  
25 
 
Figure 7: Triacylglyceride (TAG) impact using GCBE at 5 mg/ml concentration with 20X heat-killed OP50 to 
observe impacts on saturated fat (SFA), monounsaturated fat (MUFA), polyunsaturated fat (PUFA), 
monomethyl branched chain fat (mmBCFA), and cyclopropyl fat (CPA) in N2 and mutant strains. Two trials 
were used in these studies, with at least 7500 animals per condition. A: N2 control (solid black) and N2 GCBE 
5 mg/ml (striped black). B: daf-16 control (solid light blue) and daf-16 GCBE 5 mg/ml (striped light blue). C: 
sbp-1 control (solid green) and sbp-1 GCBE 5 mg/ml (striped green), with one trial for sbp-1 GCBE 5 mg/ml. 
D: daf-2 control (solid dark blue) and daf-2 GCBE (striped dark blue). 
3.3 Green Coffee Bean Extract Improves Phenotypic Characteristics 
After validating altered fatty acid metabolism after GCBE supplementation, the impact of this 
supplementation was probed on lifespan. Four trials using the green coffee bean extraction with methanol and 
acidified water showed an increase of mean and maximum lifespan each by one day in Figure 8A. Several 
animals crawled off the plates, significantly minimizing the number of worms on each plate, leaving at least 5 
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animals on the plates. Although inconclusive data was gathered in regards to longevity of C. elegans under 
green coffee bean supplementation, this data was showing a trend similar to that of other studies. While the link 
between fat reduction and longevity increases under green coffee bean supplementation is not proven in C. 
elegans, there are many studies that support this connection. Further analysis among long-lived and short-lived 
strains, such as daf-16 and daf-2 strains, would need to be conducted to understand more about the connection. 
The avoidance of the nematodes to the GCBE may indicate an aversion to the compound or the solvent, 
and in order to minimize loss of animals, copper rings were used on subsequent trials to create a barrier, forcing 
the animals to remain on the plates. The copper rings were formed by hand and transferred to the fresh plate 
each day, remaining on the specific concentration of green coffee beans each day as shown in Figure 9A. The 
rings were then slightly embedded in the plate as described in section 2.7, and shown in Figure 9B. Lifespans 
that were conducted with copper rings on for the most active days of reproductivity of the animals resulted in 
high bagging, where the offspring hatch inside the parent (Mosser T. et al, 2011), of the animals on the plates. 
There was no longer a significant loss of animals crawling off the plates, but rather there was an influx of 
bagging animals in the first week of life (Figure 9C).  
 
Figure 8: Phenotypic assays using 1 mg/ml concentration of GCBE in N2 strain. A: Lifespan assay with 10X 
concentration of heat-killed OP50 with four trials each with at least 5 animals with N2 (solid black) and N2 
GCBE 1 mg/ml (striped black). B: Fertility trials using 10X concentration of heat-killed OP50 with at least 6 
trials with N2 (solid black) and N2 GCBE 1 mg/ml (striped black). 
Preliminary fertility studies were showing an overall decrease in fertility, which contradicts the data 
found by Amigoni L. et al (2017). It was observed that the amount of progeny laid by N2 worms under 1 mg/ml 
GCBE supplementation was more consistent day to day, whereas control N2 worms peaked in egg laying in the 
first 3 days of their reproductive age. This data supports that the GCBE was impacting the nematodes despite 
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the inconsistencies in the fat storage measurements. The supplemented condition observed a decrease of 60 
progeny in total in Figure 8B. The GCBE condition saw increases of 30-35 progeny for the last two days of egg 
laying in Figure 8B.  
 
Figure 9: Copper rings caused high rates of bagging during the reproductive stages of life in N2 animals with 
GCBE supplementation and heat-killed OP50 at a 20X concentration. A: Copper ring. B: Copper ring 
embedded in 3 cm NGM plate. C: Baggage of N2 strain due to copper rings for three trials: N2 (solid black), 
N2 with copper ring (striped black), N2 supplemented with 1 mg/ml GCBE (solid red), N2 supplemented with 5 
mg/ml GCBE (striped red). 
The use of copper rings was used to combat the issue of losing animals in lifespan assays by crawling 
off the plates. The copper rings were successful in keeping the animals on the agar media, however, 
significantly impacted the number of bagged animals on the plates. After three trials, the copper rings caused a 
20% decrease in survival due to bagging of C. elegans as shown in Figure 9C. The impact was seen in both the 
copper control plates and green coffee bean supplemented plates. It is believed that usage of copper over 
extended periods of time can cause toxicity on C. elegans. One study shows that the use of liquid copper sulfate 
on C. elegans causes a decrease of lifespan by up to 8 days (Harada H. et al, 2007). A second study conducted 
with copper chloride dihydrate solution impacted both the mean and the max lifespan of C. elegans when in the 
presence of copper solution each by approximately a 10-day decrease (Fueser H. et al, 2018). At a higher 
concentration of copper, the lifespan of the animals was compromised. It is a potential concern that the copper 
ring may cause premature death in the animals after extended periods of exposure. Copper rings were not used 
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in correlation with fat storage studies because there is a possibility that copper rings impact the overall effect of 
lipid storage by decreasing the expression of 400 genes that impact lipid storage (Fueser H. et al, 2018). 
3.4 Chlorogenic Acid is the Active Compound in Green Coffee Beans 
At chlorogenic acid concentrations of 2.65 mg/ml, there is a decrease of fat accumulation in C. elegans 
by half during preliminary studies as shown in Figure 10. This indicates that chlorogenic acid plays a large role 
in the minimization of fat storage. The decrease seen by both green coffee bean supplementation in N2 (Figure 
5) and chlorogenic acid supplementation (Figure 10) suggests that chlorogenic acid is likely the active 
compound that is impacting the fat storage decrease in N2 strain of C. elegans. Although there has not been any 
published contradictory information on fat reductions in C. elegans, there has been contradictory information 
among rodent models as a study conducted on mice fed a high fat diet, showed no impact from the green coffee 
bean on the stress or lifespan of mice (Li Kwok Cheong J. et al, 2014) . 
 
Figure 10: Preliminary studies of fat accumulation studies using pure chlorogenic acid at 2.65 mg/ml 
concentrations analyzing the TAG to phospholipid ratio in three trials: N2 (solid black) and N2 supplemented 
with 2.65 mg/ml CGA (checkered black).  
4.0 Conclusions and Future Work 
4.1 Conclusions 
Extracting the chlorogenic acid from green coffee beans showed a trend of reduction on fat 
accumulation in C. elegans, although it was not statistically significant which may call into question the utility 
of using this supplement for weight loss. Green coffee bean extract impacts daf-16, daf-2, and sbp-1 strains as 
well as N2 strain, indicating that the fat regulation pathways are impacted by green coffee bean extract. The 
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decrease of fat that was seen in the mutant strains conflicted with data in the literature (Farias-Pereira R. et el, 
2018), as it was thought that those pathways were critical for the fat reduction. The reductions seen in green 
coffee bean supplementation seemed to be independent of fat synthesis because of the reductions seen in the 
mutant strains, regardless of the fat synthesis rate observed in the strains. More trials are necessary to reach 
conclusions on this data. 
There seems to be a preliminary increase in lifespan at low concentrations, which could enhance the idea 
that green coffee bean extract is linked to longevity with more trials. Other phenotypic assays, such a brood 
size, had an impact under green coffee bean supplementation, but it was not statistically significant. The results 
that were gathered from green coffee bean supplementation showed promising results but were not statistically 
significant enough to conclusively say that green coffee beans reduced fat.  
Chlorogenic acid has a decreasing impact on the fat accumulation also, so it is likely the active 
compound contributing to the decrease of fat accumulation in the strains. Chlorogenic acid supplementation had 
a more significant reduction of fat, which would make it a better supplementation for fat reduction than green 
coffee beans. Since there was a greater reduction seen after the extraction of chlorogenic acid from the green 
coffee beans, it can be concluded that green coffee bean powder is not significant as a weight loss supplement. 
Chlorogenic acid extracted from green coffee beans, or in its pure form, would be a more beneficial 
supplementation to use for weight loss. It would be important to measure the amount of chlorogenic acid 
accessible in our GCBE trials to determine if we were out of the therapeutic window. 
Some of the struggles that were encountered throughout this project included starvation on the 
supplemented plates, animals crawling off the plates during phenotypic assays, limitations due to bottleneck of 
green coffee bean extraction, and lab time reduction due to the COVID-19 campus wide shut down in D term. 
When copper rings were used to minimize the loss of animals crawling off plates, there was a vast majority of 
animals that experienced bagging in the first week of life due to the introduction of a copper ring. This bagging 
occurred regardless of the amount of time that the copper ring was embedded in the lifespan plates during the 
reproductive phases, which made it challenging to gather conclusive lifespan data.  
4.2 Future Directions 
As the results indicate above green coffee bean supplementation causes a reduction of fat stores, 
regardless of the starting amount of fat in the body. Further studies should be conducted on other strains that are 
known to regulate fat accumulation in C. elegans, such as far-6 and fasn-1. Strains that regulate fat content have 
varying amounts of fat stores in their bodies that could have an impact in the amount of fat reduction when 
supplemented with green coffee bean extract. For example, daf-2 strain has a high fat content and has a 
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reduction in fat, while daf-16 strain has a low fat content and also a reduction in fat stores. The amount of fat 
content that was reduced was dependent on the starting amount of fat.  
Other future directions would include looking at the fat absorption impact of green coffee bean extract 
supplementation using 13C-isotope labeling. In addition to analyzing the overall fat content of the animals, 13C-
isotope labeling explains further information about fat absorption and fat origin (Perez C. et al, 2008). Since 
each strain of C. elegans displayed a different impact from green coffee bean extract supplementation, the 
origin and fat absorption experiments will help enhance the understanding of the mechanisms of green coffee 
bean extract supplementation. Since C. elegans are a small model organism they are the most cost-effective for 
isotope labeling while still allowing analysis of the origin of all the fat in their bodies.  
Another future direction would include further studies looking at the impact of chlorogenic acid in 
various strains of C. elegans for their fat storage and phenotypes. Chlorogenic acid is the primary compound 
that is found in green coffee beans, so studies using this compound would determine what fat storage impacts 
the compound has. Studies with chlorogenic acid would also determine whether green coffee beans or 
chlorogenic acid compound had a more significant impact in fat storage in C. elegans.  
Other future directions would look into blueberry and cranberry plants to see whether the amount of 
chlorogenic acid in these plants is different than what is found in green coffee beans, and whether the amount of 
chlorogenic acid in the plants is critical in impacting fat storage. Studies completed with comparing impact of 
supplementation with green coffee bean extract and chlorogenic acid shows that the extract was more beneficial 
overall to the lifespan and stress resistance, suggesting that the other compounds in the coffee had more impact 
in addition to just the chlorogenic acid (Amigoni L. et al, 2017). It would also be interesting to see whether 
there was another compound that was biologically available in a plant and not in the pure chlorogenic acid that 
caused changes in the TAGs or phospholipids. Chlorogenic acid appears naturally in many kinds of plants, such 
as blueberries (Wilson M. et al, 2006), cranberries (Sun Q. et al, 2014), and honeysuckle (Yang Z. et al, 2018). 
There are already several studies looking at the phenotypic impact of blueberry supplementation on C. elegans, 
but not as many studies have been conducted looking at the fat content impact, so that would be the next 
compound to study. Blueberry extract has shown to increase lifespan of C. elegans by at least 22% (Wilson M. 
et al, 2006 and Wang H. et al, 2018), which is expected from chlorogenic acid containing compounds. Further 
studies would analyze the impact on fat storage to determine whether blueberry extract had a similar decreasing 
effect of fat as green coffee bean extract does.  
 It is suggested that coffee consumption has been found to cause a lower risk of chronic diseases and 
some neurodegenerative diseases (Ludwig I. et al, 2014), but chlorogenic acid would need to be studied to 
determine whether the compound is the one causing the decreased risk. Honeysuckle has been found to decrease 
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the amyloid-β induced toxicity in C. elegans by 40% (Yang Z. et al, 2018). Alzheimer’s Disease (AD) patients 
are known to have increased levels of amyloid-β, so a decrease of amyloid-β levels when introduced to 
honeysuckle suggests that chlorogenic acid may have an impact on AD patients. Another future study would be 
to analyze the impact of chlorogenic acid in regards to the reduction of amyloid-β induced toxicity. 
5.0 Abbreviations 
BMI, body mass index; FDA, U.S. Food and Drug Administration; CGA, chlorogenic acid; GCBE, green coffee 
bean extract; GBC, green coffee bean powder; SREBP, sterol response element binding protein; PC, 
phosphatidylcholine; PE, phosphatidylethanolamine; NGM, nematode growth media; SFA, saturated fat; 
MUFA, monounsaturated fat; PUFA, polyunsaturated fat; mmBCFA, branched chain fatty acid; CPA, 
cyclopropyl fatty acid; PL, phospholipid; TAG, triacylglyceride; LDA, lipid data analysis; AD, Alzheimer’s 
Disease. 
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8.0 Supplemental Figures 
 
Supplemental Figure 1: Bacterial impact on fat storage when using heat-killed or living OP50 and L4440 strains 
of E. coli. A: Bacteria fat content, OP50 living (solid red), OP50 heat-killed (striped red), L4440 living(solid 
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purple), L4440 heat-killed (striped purple). B: N2 TAG impact of bacteria, N2 OP50 living (solid black), N2 
OP50 heat-killed (striped black), N2 L4440 living (solid grey), N2 L4440 heat-killed (striped grey). C: N2 
phospholipid impact of bacteria, N2 OP50 heat-killed (striped black), N2 L4440 living (solid grey), N2 L4440 
heat-killed (striped grey). D: daf-16 phospholipid impact on bacteria, daf-16 OP50 living (solid light blue), daf-
16 OP50 heat-killed (striped light blue), daf-16 L4440 living (solid light purple), daf-16 heat-killed (striped 
light purple). E: daf-2 PL impact on bacteria, daf-2 OP50 living (solid dark blue), daf-2 OP50 heat-killed 
(striped dark blue), daf-2 L4440 living (solid dark purple), daf-2 L4440 heat-killed (striped dark purple). 
